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This invention relates io thermal surfaces and, more

" “particularly; to an improved thermal surface exhibiting a_

hich .xb<orptmty for _solar electromzgmetic radiation en-
ergy =ud a low emissivity for infrarsd electromagmnsiic
radiation energy.

of ihe electromagnetic radiation spectrum beme n ap-
proximarely 6 10 40 microns.

In many applications of therma‘ surfaces as for -ex-’

"~ ample solar energy collectors utilized in solar boilers as
power sources in desert regions, it is desirable that the
solar enzrgy collectors absorb as much solar electromag-
- peiic radia[ion energy as possibie while at the same time
. losing as Nitle thermal energy as possible.. Of the ihree
modes of losing thermal energy: convective, conductive,

~and radiative, heat losses by convection and conduction
-can be controlied to a large exient by weil-known iech-

migues. . However, losses by radiation have not
proven suscepiible, in the past, 1o a satisfactory degree
of control. SoTh e T T

At the desired operating temperatures-of such solar
energy coliectors, thermal enargy losszs by radiation oc-
cur predeminently in the infrared portion of the eleciro-
. magnetic specira.  Therefore, it is necessary that such
- soiar energy coliectors be strongly ¢bsorbent of eiectro-

magnetic radiation energy in the solar spectrum and at
 the szme time have a Jow emissivity for electromagnstic

rad on in the infrared portion of '.h elml".‘mannei:'-:
pectrum.

"'hc ratxo of <oIar clectromagnetic radxalxon energy
absorpiivity ¢ to infrared electromagnetic radiaiion en-
ergy emissivity e has been utilized in.the pust as a param
eter for evalvating solar energy collecior performance.
For example, Tabor in the “Bulletin of the Reszarch
Counse! of Israel,” vol. 5A, 1955, page 119, reports a solar
"energy collecter material having - ratio between S and 9;
Ungar in “The Preparation of a Scleciively Black Surface
for Use in the Collection of Solar Energy,”
ence Thesis, Massschusel!s Institute of xe.hrc'c_ . Iune
- 1958, has reported 2z value between 9 znd IO d"i in the

“Yournal of the Optical Society of America,” February
1957, page 125, Hass and EBradford have nporta.d """J"V-
inz a ratio between about 5 to 6 with freshly vacuum da-
posited titanium and, further, that by heating the titanium
to 400° C. for three hours this ratio increased sligh In
many '*;h:ations of thermal energy collectors, these
valaes have proven insufficient to provide the degree of
thermz! radiation loss desired.

Accordingly, it #5 an object of applicants’ invention to
provide an improved thermal surface.

It is another object of applicants’ invention 1o provide
"a solar energy collector having an increaszd rzt'o of

solar electramagnetic radiation 2bsorjtivity to infraved

electromagnetic radiation emissivity.

It is still a furthzr object of applicarts’ invention to
provide a solar energy collector maiertal in which the
ratio of solar electromagnetic radiation absorpuv?:v to
infrared electromagnetic radiaticn energy emzssz\'-n is
on the order of 2510 100.

The above and other objects are achieved, accerding
to epplicants’ invention, in a solar energy collector that

. As used hercin, infrared electromag-
rietic radiztion energy. refers 10 the energy in that region.

aiways’
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exhibits a ratic of solar electromagnetic radiation energy

absorptivity to infrared eleciromagnetic radiation emis-
sivity on the order of values between 25 aid 100.
In one cmbodiment of applicants’ invention, a sheet of

deposiled layer of aluminum. The thickness of the de-
posited aluminum layer is sufficient to be subtzntially
opaque {o eleciromagnetic radiation in the visible portion
of the electrom .hgnenc radiation spectrum and this thick-
1ess may be on the order of 200 to 400 Angiiroins. The
aluminum is thep coated with a vacuum deposited layer
of {itenium to a thickness of 800 to 1000 Angstros
The vacuum deposition cf the titanium is u:compiished
in 2 comparatively peor vacuum, {er exumple on the or-
dcr of 19~* millimeters of mercury a‘*sonu.-. at a deposi-
tion rate of aapxemm'de]y &0 Angstroms per second. A
titanium boat, contiining a source of raw titaniem for
the deposiiion, was maintained in th: vacuum chamber
at a disiance of approximaiely 18 inches from the alumi-
nuam coated Mvlar film :

Mvasurer_ncnt_ of the spectral properties of a solar en-_ .

rgy collector obiained by the above described meihod
indicaied a'soler eleciroma"n tic radiation energy cbsorp-
tivity of between .82 o
magnelic- radiztinn energy emissivity was less than .03,

C‘"ut

In another emba iment of 2 anl'c invention, an in-

4
1
frared mirror having a low visible energy reflectance is -
t

prepzred. 1p this embodiment a suiteblie subsirate, such
minum, is coated
on onc side by a vacuum deposited laver of alumirum.
The aluminum ccaling is then covered with a titanium
coating substantially by the method described above for
coilector. Such a mirror is-characte iied
by a Jow reflectance of execiromagnenc radiation energ;
in the visible por non of the electromagnetic r"d:allon
cpectrum and a low emissivity of infrared electromazneti
radiation enc (wmm minimizes spurions signals),
also exhibiting a high rcoflectivity for infrared elec-
rev.,

This inventicn is more fui!y exp]aln”d in the following

detailed description znd with reference to the accompany-

2
!
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pznying drawing wherein ~1mﬂm reference characters re-

fer to similar elements and in which:

FIGURE 1 shows a solar energy coilector in accord-

ance wiih appi.'"an:s’ inveniion;
FIGURE 2 is a pictorial rapresentation of the vacuum
depositicn of titanium; ard

- FIGURE 3°is-an jnirared mirror according to appli-

canis’ invention.

Feferring now 1o FIGURE 1, there is shown z section
of a solar energy collector, generally designated 8, in ac-
cordance with applicants’ inveaticn. A subsirate mate-
rial 19, which may be for example Mvlar, thin film poly-
ethylene or the Yke, has a vacuum deposited aluminum
ccating 12 bonded 10 one surface thereef. The surface

of the substrate 1€ upon which the aluminuem coating 12 -

is depusited skould be comparatively smooth to rrovide
optimum radiaiive characteristics. A laver of titanium
14 is vacuum deposited upon the layer of aluminum 12,
Applicants have found that the iitanium layer 14 pro-
vides the desired radiative characteristics for thicknesses
up ic 1000 Angstroms and. in ilic preferred ¢mbodiment
ol arplicants’ invention, the laver
thickress of beiween 800 znd 1000 Arnzstroms.

When solar radiation, designated schematically in FIG-
URE 1 by arrow 16, impinges upon the deposited titanium
layer 14, there is substantic absorpuon of the solar radia-
tion energy. The integrated =bsorptivity for solar radia-
ticn by the above described solar energy cellector mate-

£1m is first coated, on cne side, with a vacuum -

.85 while the infrared elecire-

providing a ratio on the order of twenty-seven to twenty- .

of titenium 14 has a-
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ri! bas been found to be not lese than 8" and ranging to
d Higher values.

'I'h° solaf energy thus absorbed by the solar energy col-
Jector 8 may be utilized, for example, in solar boiler ap-
plicatiotis {o_heat water (not shown). In stch an ar-
rangément, the water to be heated is circulated adjacent
the. substrate 10 thereby rémoving heat from thié sclar
energy collector 8. Since it is désired 1o transfer as
much heat as possible from the soiar energy &ollector 8
o thé water, cther modes of heat dissipation from thie
¢oizr énergy collector 8 .must be minimized. As dis-
nssed above, the convective and conduciive heat losses
may bs minimized by well-known techniques.
'- hedt losses are uniguely controlled by afphicants’ in-
o Bérein. This is achieved iri the above described
:u.aug,n by depositing thé tianium layer 34 to &
";e'ss that is substantially transparent to infrared elec-
z2znetic r"d‘atxcu . Applicants bave found that the
mentioned thickness of 800 .te 1000 -Angstroms
es {his resuit. I or such a deposition thickness of

The radi-

the iienium layer 14 in the solar energy collecior §, in-
" frzred electromaznetic radiation is emiitied fvom the sur- -
face of the deposited zluminum Jayer 12 adjacent the ti-

um layer 14 ard is substantiablly .rm.:r.
gh leaving the solar ene r
144, The deposiied =luminum lg) r 12 isa

com-
zrztively poor infrared electromagneuc radiation emii-

the solarenar-
been found that
collector § hias

£ and thus the fadiative heat losses from
: cellector 8 are minpimized. It ha
th= infrared emissivity of the sclar ener,

a value of .03 or less comparad with t..y rndiation ciit--
tznce of a 70° F. black body. Du° to the limitations of
1cc‘ruc":s~ mmfrared radiation emissivities having

7

of .03 or less are extremely difficult to nieasure
accuraiely and ihe true jnfrared electromugnetic radis-
tion emissivity. as described above, may.be even lower
thza the .05 valve.
From the above it caRt be-séén that the rati of solar
" energy absorpiivity to infrared radiaticn emlssmfv for
the solar énergy collector maierial is, at a minimum, 27;
taocugk aciual values may be considerably higher.
FIGURE 2 illustrates piciorially one method of pre-
21 1g the solar enecrgy colliector 8§ described in con-
el uon with FIGURE 1. A vacuumn chamber, generally
qat.,d 20, is comprised of 2 iransparent dome mate-
2, a base ‘.8, and a vacuun: pump 24, Air is drawn
rom the inside ci the dome 22 by the vacuum pump
womh aperture ‘.6 in the base 28 of the vacuum
2rmier and the air is exbausted through tube 30, A
trate 10, upon whish there is a vacuum deposited
vzr of aluminum 12, is held in the vacuum chamber by
supperts 32a ard 22b. A titanium bOd-. 34 in the vacu-
umn Thambver 2§ contains a source of raw titanivm 36.
The titanivm boat 34 is mairiained at a distance of ap-
proximaielv 18 inches from the aluminum lzyer 12, The
v2TLLM punp 24 is actuatzd and the pressure inside the
dome 22 is reduced to a valce of approximateiy 10—+ mil-
iimeters of mercury absolute. The electric current flow-
irc through a healer coil 38 is acjusted by heater control
40 1o beat the raw titanium 36 to a value sufficient to
. czuse evaporation at the pressure of 10-% millimeters of
mercury absoluiz. When this temperature is reached,
the raw titanium 3§ is evapcraied and lcavzs the boat 34
and is deposiizd vpon the aluminum layer 12.
Sanc the vacuum is mainiained at a comparatively poor
vziue oi 10—* miltimeters of mercury sbsolute, the evap-
oratad man um impingss upon and reacts with many of
&z residual consiiluen: molecitles remaziaing inside the
dome 22, The exact nuture and type of these reastions
272 not krown by applicanis; l’*owev»r theory indicates
thzt in addition to raw titanium being deposited on the
al'_uurum layer 12 there are also tivanium oxides, tiianium
and other tiianiumi compeunds.” To provide
ient time for ihese reactions to take glace, applicants
limit gxe evaporation rate of ihe rew titaniam 36 to pro-
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vide a deposition raie on the afuminum layer 12 of ap-
proximately 80 Angstroms per seccnd.

App.‘..a. 13" inventicn alse may te utilized as an infra-
red mirrer in the optics portion of infrared detecior sys-
tems. Since, as described above, the infrared emissivity
is very low, there is very little spuricus signal generated by
the mirror. Further, the visible electroma f-netic radia-
tion enerzy refiectance of a solar energy collecior accerd-
ing lo canis’ invention has also been found to be low
while t2e mfra 2d electromagnetic radiation encrgy re-
flectance bas teen found fo be quitz high. FIGURE 3
iliustraies an infrared mirror, generally designated 41, in
accordance with these principles. A suitable subsirate
42, which may be 2luminum or another material, is
}appcd .;..:‘. polisied on one side to provide a smooth
su'f A layer of zivminum 12 is then \acu' n de-
pc; ted L;:an the-lapred and polished surface of ii:= sub-
A layer of titenium 14 is vacuum d-‘*oz-'ed

v the method desc

. - r

cormc\.lo o provide the infrared mir-
ror 4%.
Another suitabla substrate for an infrored mirror ac-

inveniion may be prepared by
ver of epoxy resin approximately (001 inct
' o an aluminem sheet. The laver of vacuum de-

'cordir:g 0
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posited 2iuminum is pluced upon the epoxy resin fol-
lowed by the titanium deposition as described .103‘ 2
Whe cident infrared clectromagnetic radi

ergy, iiusirated in FIGURE 3 by srrow 44, impi
ths surfzce 14a of the titanium laver 14, 11 is substa
reflected iherefrom as iliustrated by arrow 447
ever, if visible electromagnetic radiation, desig
arrow 45, is incident on the surface Idz. it is sub
absorbed by the surface l4aq. Furiber, due to
electromagnetic radiation cnorgy emissivity

enerally very little spuricu:

ra-
diztion emiited merd'o'n and the refecied infrared sisc-

the surface 14q there is g
radiation 44’ from the surface I4s is sub-
stantially accurately represeniative of the incident infra-
red eleciromagnetic radia n 44,
These s-ull'*d in ibe zrt will find
an(s’ mwm o0,

tromagaatic

many variaiiens and
Tx'f*rcfcre ilr.: fore-

Iare ,..Lend;d 10 ‘*e Jlus{rauvc unJ not 1.’,;.

daptc.;;‘ns W.lhxﬁ the lrL“ "'opc and Rpmt of h.lS i
tion.

What is claimed as new and is desired to be secured by

atters ent of the United States is:

1. In combination: a thin-film <u9<lr‘..e. a laver of
vacuuia deposited aluminrum bouded to one side of said
thin-fiizn substrate and having 2 thickness betwesa 260
and 400 Angstroms; and a layer of vacuum deposited
titaninm having a thickness beiween 200 and ]"Ou Ang-
sirams bonded to said }ayer of aluminum.

2. A method of making a solar energy absorbin
face comprising the steps of: vacuum dspesiting 2 layer
of aluminum tc a thickness of 1vpromm:nclv 200 0 400
Angsticms upon a suitable subsirate; and vacuum de-
posiiing a layer of tilanium on said layer of aluminum to
a Ih!c‘:;:e:.s betWLC'l $00-and 1000 Argstroms at a <2posi-
tion rate of approximatzly S0 Angstroms per secoxd and
under an air vacvum of apprommaiely 10—* miliimeiers
of mnercury absoiute.

3. 1h2 method according io claim 2, wheiein a tita-
nium bozt supplying the raw titanium for vacuum deposi-
tion is maintained approximately 18 inches from sz d sub-
strate Guring szid vacuum deposition of said fzyer of
titanium, )

4. A method of making a solar energy absorting suf-
fzce comprising the steps of: vacuum depositing » layer
of 2luminum to a thickness of approximately 200 10 <00
Angstroms upon a suitabie substrate; and vacuum deposit-
ing a layer of titanium on said iayer of alumipem {0 a

i3
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thickaes 's}.“t woen 809 and 1000 Angstroms under an air
vacuum cf approximately 10— millimet rs of mercury
osolute,

- 5. Tbe method of rnaLng an infrared mirfor ccmpns—
ing the steps of: lzpping and polishing a substrate; vac-
uum depositing a Javer 6f 2luminum on said substrate;
and vacuum depositing a layer of titanium on said layer
-of alominum to a thickness of approximately 1000 Ang-
stroms at a deposition rate of p'\"o‘:..mtely 80 Anf'-
stroms per second under o air vactum of approximately’
10—% millimeters of mercury sbsolute.

6. The method according io civim 5, whercin a tita-
nium boat supplvine the titanium for vzcuum depositicn .
is maintained 2pproximately 18 inches from said sub-
strate during said vacuum deposition of said layer of tita-
nium. ;

7. A metked of making a solar ene
face comprising the steps of: vacuum
of aluminum io a thickness of a;,rvo
Angstroms upon a. suitable subsira

- positing z layer of titanism on sal
to a thickness substantially tr are
tromegaetic radiation esnergy und r-an air vacuumn of
approximately 10‘4 millimeters of GETIury absgiutz

8. The meked of making an infrared mirrer compris~
ing the steps of: lappingz and polishing a sub:{ra:,; vac-

10

15

Iy aosorbing'sur---
depositing a laver

draely 200 to 400

uum depositing & lzyer of aluminum on said <"bstra'e'
and vactum deposumg a layer of titamium io said lave
of aleininunz 1o a thickness stbstanuially- tr: nsparerz&«%o

infrared eleciromagretic radiation energy at a deposi-
ticn rate of approximately 80 Angsirems per second vrn-
‘der an air vacuem of ap-,,:oxin‘.azely‘ 'ml imeters of
mercury absolule. S
9. The method of making an mf’a d mir;er compris- |
ing the sleps of: vacuum depositing an cpaque -laver of 33

ag

.. ..l.3172so1.
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alominum on a suitable substrate; and vacuum deposit-
ing a subsianlizily infrared electromagnetic radiation
energy transparent layer of titanium to said layer of
alominum ot a de2positicn rate of approximaiely 80 Ang-
stroms per second vader an air vacvum of approximately -
10— millimeiers of mercury absolute. :

10. A solar energy collector and mfrared energy re-
fiector comprising:

(A) a’substrate;

(B) an adherent opaque layer of aluminum on oae sur-

fzce of said subsiraie and bhaving a lhnckncss beivween
-LO and 400 Angsiroms; and

(C) an adherent Javer of fitanjum on said layer of
minum 2nd baviig a thickness betwesn 809 and
1000 Angsiroms whichk is substantialiv opagque to
solar energy and substantially transpezieat to in-
frared crergy. .
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